Epizootics of diaphragmatic hernias in swine Kent J. Schwartz Diaphragmatic hernias in swine occur sporadically, often in a single animal, and are generally assumed to be congenital or the result of traumatic accidents. 1, 3, 9, 12, 14 In 1 survey, the incidence of congenital diaphragmatic hernias in swine was 0.02%. 10 Evidence for hereditary predisposition to diaphragmatic hernias in swine is lacking. In herd A, 4 sows farrowed 3 weeks later than did the other 18 in the group. The 36 pigs from these later litters were segregated until they were commingled with older pigs when weaned at 4 weeks of age. Twenty-six of 36 pigs subsequently died between 5 and 8 weeks of age. Necropsies performed on 7 of the animals confirmed the presence of diaphragmatic hernia with no other disease processes evident grossly. The other 19 animals were not necropsied, but deaths were attributed to diaphragmatic hernias by the attending veterinarian or the producer, based on clinical appearance or sudden deaths.
In herd B, 240 8-week-old pigs were delivered to 2 different sites for growing and finishing. The pigs that were delivered to site 1 were isolated from other swine, and no deaths due to diaphragmatic hernias were reported. At the second site, 47 of 122 pigs died between 10 and 16 weeks of age. All were found either dead or moribund, exhibiting respiratory distress. All of 15 pigs that were necropsied on the premises by the attending veterinarian had diaphragmatic hernias, with no other gross lesions deemed significant. The feed and its source, the environment, and the management were similar at both sites. There was direct contact between affected and older unaffected pigs at site 2, but no contact between these groups at site 1.
Herds C and D were both on small farms. On both farms, small groups of pigs were weaned into facilities where direct contact with older swine could occur. In herd C, 16 of 63 pigs died. Clinical signs were typical of those observed with diaphragmatic hernias. Nine of the 16 dead pigs were necropsied and had diaphragmatic hernias as the cause of death. In herd D, 14 of 53 pigs were judged by the owner and attending veterinarian to have died of diaphragmatic hernias. Twenty-six pigs from the 4 herds were submitted for diagnostic investigation. All had abdominal viscera displaced in the thoracic cavity through a hole in the tendinous portion of the right side of the diaphragm. The right lobe of the liver, most of the small intestine, and often the cecum and the colon were located in the right thoracic cavity. In all pigs there was complete or partial fibrous adhesion of the right lobe of the liver to the peritoneal surface of the diaphragm. Mild, chronic fibrinous peritonitis and pleuritis, occasionally with pearls of inspissated organizing fibrin on peritoneal and diaphragmatic surfaces, were present in a variable number of pigs from each herd. A smooth round hole 2-8 cm in diameter was present in the diaphragm and was rimmed with fibrous connective tissue; no evidence of recent tears or hemorrhage was seen in any of the pigs. Several animals in each herd also had 0.2-2-cm circular fenestrations at the musculotendinous junction on left or right portions of the peritoneal surface of the diaphragm, although this finding was not consistent.
Bacterial cultures of abdominal exudate yielded Mycoplasma hyorhinis from 1 of 3, 4 of 6, 2 of 4, and 1 of 2 pigs from herds A, B, C, and D, respectively. Mycoplasma hyorhinis was not, however, demonstrated in sections of damaged diaphragm, using direct fluorescent antibody technique. a Hemophilus parasuis was isolated from lungs of 1 pig each from 2 herds.
Microscopic examination of affected diaphragms revealed chronic-active inflammation, fibrosis, and mesothelial cell proliferation. Small aggregates of inflammatory cells, predominantly lymphocytes and plasma cells, were present within immature connective tissue and subjacent to the peritoneum near the margins of the diaphragmatic defects. Macrophages and neutrophils were scattered throughout sections of tendinous diaphragm and also were observed as focal accumulations near margins of diaphragmatic fenestrations or holes. The liver was normal except for areas of fibrous adhesion of capsule to diaphragm. No microscopic lesions were observed in heart, skeletal muscle, or brain.
A common feature on all 4 farms was a previous diagnosis of mulberry heart disease. All farms recently had implemented prophylactic programs that included supplementation of the lactation ration with vitamin E and selenium, and in all 4 herds, piglets had received an intramuscular injection of a combination product of sodium selenite and vitamin E b at least twice prior to onset of losses due to diaphragmatic hernias. Analysis of livers yielded normal quantities of vitamin E in all 4 herds, but selenium values were high (Table  1) .
In a previous report, diaphragmatic injury, erosions, or adhesions were present in 206 of 285 pigs marketed from a herd in which individual fatal diaphragmatic hernias had occurred. Deaths occurred sporadically throughout the growing and finishing period? No such information was available for the herds investigated in this study, but probably not all diaphragmatic lesions necessarily progress to fatal hernias.
Suggested causes of diaphragmatic hernias in swine include hereditary predisposition, congenital malformation, trauma, and vitamin E or selenium deficiency.
1-3,5-7,9,10,12,14 A genetic predisposition as the sole cause of the diaphragmatic hernias in this investigation is unlikely because hernias did not occur in offspring of previous or subsequent identical matings. Deaths due to diaphragmatic hernia in suckling piglets were not reported, and necropsy of suckling piglets that died of other causes did not reveal hernias or lesions in diaphragms. In herd B, where pigs were randomly divided between 2 locations, diaphragmatic hernias occurred in only 1 grower unit.
Evidence for congenital presence of diaphragmatic hernias in swine is lacking. Congenital diaphragmatic defects have been reported in species other than swine but generally involve the hiatus of the diaphragm. 8 In contrast, all hernias observed in this study occurred at the musculotendinous junction on the right side of the diaphragm. In addition, the right lobe of the liver was usually adhered tightly to the diaphragm. Multiple erosions or fenestrations were observed on either side of the diaphragm at the musculotendinous junction, suggesting the presence of multiple sites of diaphragmatic weakness.
Diaphragmatic hernias caused by trauma often involve the left side of the diaphragm because in most species abdominal forces are dissipated by the liver on the right side.
2 Most trauma-induced diaphragmatic hernias are recognized as fresh tears with hemorrhage, at least in a portion of the animals. In the 4 herds investigated, no hernias were observed in the left side of the diaphragm, although this placement has been occasionally seen in other epizootics, 5, 6 and none were observed as fresh tears.
All herds investigated had a previous history of mulberry heart disease, and affected groups of pigs were currently supplemented with same vitamin E and sodium selenite preparation by intramuscular injection. In a previous case study in Ohio, affected pigs had also been treated with the same injectable vitamin E and sodium selenite supplement for prevention of mulberry heart disease. 5 In another case, affected swine had not received injections and tears were observed in the muscular portions of the diaphragm; hernias were not observed after vitamin E and selenium supplemen-tation was initiated. 4 No new cases of diaphragmatic hernias occurred in any of the 4 herds studied after use of the vitamin E and sodium selenite injectable product was discontinued.
In herd C, recrudescence of mulberry heart disease in weaned swine 7 months after the epizootic of diaphragmatic hernias prompted the injection of the same vitamin E and sodium selenite combination in 1 group of pigs at weaning. Seven of the 130 pigs died 3-7 weeks after weaning, all from diaphragmatic hernias. An injectable vitamin E product c was substituted for the combination vitamin E and sodium selenite product in the group of pigs at weaning, and no deaths occurred attributable to either diaphragmatic hernia or nutritional cardiomyopathy.
Evidence of polyserositis is commonly observed at slaughter 11 but the etiology is often not identified. Mycoplasma hyorhinis is common in swine populations, often associated with polyserositis, and capable of persisting within lesions. Clinical and pathologic evidence of Mycoplasmaassociated polyserositis was reported in the outbreak of diaphragmatic hernias in a swine herd in Ohio in 1971. 5 The presence of Mycoplasma hyorhinis was also confirmed in the fibrious exudate present in representative pigs in all 4 herds in this investigation. Insult to the musculotendinous junction of the diaphragm by an infectious agent may cause focal structural weaknesses, particularly if infection is persistent.
Epizootics of diaphragmatic hernias in swine in the 4 herds investigated do not appear to be congenital, hereditary, or traumatic in origin. Either sequential or concurrent multiple factors are probably involved. Evidence suggests a causal relationship with the use of an injectable combination of vitamin E and selenium. Peritonitis, perhaps associated with the presence of Mycoplasma hyorhinis, may contribute to structural weakness at the musculotendinous portion of the diaphragm and may occur more frequently when pigs of different ages are commingled. The persistent lesions in the diaphragm may gradually enlarge, perhaps aided by trauma, to allow fatal hemiation.
The role of injectable combinations of vitamin E and sodium selenite in the occurrence of diaphragmatic hernias is worthy of additional investigation. 
